Chemical context
Schiff base ligands and their complexes with transitional metals form an important functionality in medicinal, industrial and coordination chemistry (Hanifehpour et al., 2015; Singh et al., 2007) . Cisplatin was synthesized by Peyrone in 1844 (Peyrone, 1844) , and its use for treatment against human cancer was authorized in 1978, the biological effects of this compound on cancer cells having been discovered serendipitously by Rosenberg and co-workers in 1965 (Rosenburg et al., 1965) . Work by medicinal chemists on the coordination and biological properties of metal complexes has contributed to the emergence of modern medicinal chemistry, which was inspired by the discovery of cisplatin. The thiosemicarbazone moiety containing Schiff base ligands chelated to platinum(II) shows high antitumor and anticancer activity; metal-based drugs are more promising and convenient as therapeutic agents (Nomiya et al., 1998; Kovala-Demertzi et al., 2003; Kovala-Demertzi et al., 2000; Anacona et al., 1999; Arafath et al., 2017b) . The complexes of Pt II with 4(N)-substituted derivatives of 2-acetylpyridine thiosemicarbazone exhibit potential antitumor, anticancer, antibacterial, antineoplastic and cytogenetic activities (Kovala-Demertzi et al., 1999 , 2000 , 2001 . Carbazate containing N-and S-coordinating sites chelated to Pt II exhibits potential antibacterial and anticancer activity (Tarafder et al., 2002; Arafath et al., 2019) . Herein we describe the synthesis and crystal structure of one such complex, ((cyclohexylamino){(Z)-2-[(E)-5-methoxy-3-nitro-2- ISSN 2056-9890 oxidobenzylidene-O]hydrazin-1-ylidene-N 2 }methanethiol-}methanethiolato-S)(dimethyl sulfoxide-S)platinum(II), I.
Structural commentary
The molecular structure of complex I is shown in Fig. 1 . Selected geometrical parameters involving atom Pt1 are given in Table 1 . The Pt II atom is four-coordinate, creating a squareplanar PtNOS 2 environment with a maximum deviation of 0.0105 (2) Å for atom N2. The coordination environment consists of a thiosemicarbazone and a dimethyl sulfoxide molecule. The thiosemicarbazone molecule coordinates in a tridentate manner through thioamide sulfur atom S1, azomethine nitrogen N2 and phenyl oxygen O1, creating two chelate rings which are coplanar; the dihedral angle between the mean planes of the five-membered Pt1/S1/N2/N3/C9 and six-membered Pt1/O1/N2/C1/C6/C8 chelate rings is 1.51 (7) . The benzene ring (C1-C6) is almost coplanar with both chelate rings, making dihedral angles of 2.82 (9) and 1.36 (10) , respectively. The bite angles formed between the thiosemicarbazone ligand and the metal are N2-Pt1-S1 = 84.74 (5) and O1-Pt1-N2 = 93.95 (6) . The angles formed between the thiosemicarbazone, metal and the dimethyl sulfoxide are O1-Pt1-S2 = 84.87 (5) and S1-Pt1-S2 = 96.45 (2) . As a result of chelation, the two azomethine C=N double bonds, N2 C8 and N3 C9, are in Z and E configurations, respectively. This leads to both azomethine double bonds adopting a s-trans conformation with respect to each other. The cyclohexane ring adopts a chair conformation with puckering amplitude Q = 0.567 (3) Å , = 175.9 (3) and ' = 160 (5) , and forms a torsion angle (C9-N4-C10-C11) of 162.2 (2) to the Pt1/S1/N2/N3/C9 chelate ring. In the 5-methoxy-3-nitro-2-oxidobenzyl ring, the methoxy and nitro groups are almost coplanar with the benzene ring, as indicated by the torsion angles O2-N1-C2-C1 = 4.0 (4) and C7-O4-C4-C3 = 4.7 (4) . Oxygen atom O5 of the dimethyl sulfoxide molecule is almost coplanar with both chelate rings [O5-S2-Pt1-S1 = 1.83 (11) ], whereas the methyl groups are twisted with respect to the chelate ring [C16-S2-Pt1-S1 =123.64 (11) and C17-S2-Pt1-S1 = À127.60 (12) ]. In the molecule, atom O2 of the nitro group acts as a hydrogenbond acceptor for the adjacent methyl group, forming an intramolecular C-HÁ Á ÁO hydrogen bond with an S(9) ring motif ( Fig. 1 , Table 2 ).
Supramolecular features
In the crystal of I, molecules are linked by N4-H1N4Á Á ÁO5 i and C17-H17Á Á ÁN3 ii hydrogen bonds, enclosing an R 2 2 (8) ring motif and forming chains propagating along the b-axis direction ( Fig. 2 , Table 2 ). The chains are interconnected via C17-H17CÁ Á ÁO3 iii hydrogen bonds, forming a two-dimensional network parallel to the ab plane ( Fig. 3 ). These chains are Table 1 Selected geometric parameters (Å , ).
Pt1-N2
1.9936 (17) Pt1-S2 2.2254 (5) Pt1-O1 2.0201 (15) Pt1-S1 2.2441 (5) N2-Pt1-O1 93.95 (6) N2-Pt1-S1 84.74 (5) N2-Pt1-S2 178.65 (5) O1-Pt1-S1 178.63 (5) O1-Pt1-S2 84.87 (5) S2-Pt1-S1 96.45 (2) Table 2 Hydrogen-bond geometry (Å , ).
Cg1 is the centroid of chelate ring Pt1/S1/N2/N3/C9. 
Figure 2
A view of the hydrogen-bonded chain formed by N-HÁ Á ÁO and C-HÁ Á ÁN hydrogen bonds [dashed lines; symmetry code: (i) x, y À 1, z].
Hydrogen atoms not involved in these interactions have been omitted for clarity.
Figure 1
The molecular structure of complex I, with atom labelling and displacement ellipsoids drawn at the 50% probability level.
further stabilized by C12-H12AÁ Á ÁCg1 iii interactions, where Cg1 is the centroid of the Pt1/S1/N2/N3/C9 chelate ring ( Fig. 3 , Table 2 ). In addition, short intermolecular O3Á Á ÁC7(Àx + 3, Ày + 1, Àz) contacts of 2.897 (4) Å are observed; these are $0.32 Å shorter than the sum of van der Waals radii of carbon and oxygen atoms. Table 3 . As the ligand molecule in I is chelated to platinum, it exists in a different tautomeric form. In I, the O1-C1 and S1-C9 bond lengths of 1.297 (3) and 1.745 (2) Å , respectively, are different from those in related ligands [O1-C1 and S1-C9 bond lengths in the ranges 1.350-1.362 and 1.683-1.693 Å , respectively]. As a chelating effect, the formation of the N3 C9 azomethine double bond is confirmed by its length [1.320 (3) 
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Synthesis and crystallization
The reaction scheme for the synthesis of complex I is given in Fig. 4 . The ligand (E)-N-cyclohexyl-2-(2-hydroxy-5-methoxy-3-nitrobenzylidene)hydrazine-1-carbothioamide (0.71 g, 2.00 mmol) was dissolved in 20 ml of methanol. A 2 mmol solution of NaOH in 10 ml of methanol was added and the Table 3 Selected geometrical parameters for I and related ligands (Å , ). Note: (a) MOKPOT crystallized with two independent molecules in the asymmetric unit.
Figure 4
Reaction scheme for the synthesis of the title complex.
Figure 3
A view along the c axis of the crystal packing of complex I. The hydrogen bonds are shown as dashed lines and the C-HÁ Á Á interactions are represented as dashed blue arrows ( 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 4 . The N-bound H atom was located in a difference-Fourier map and freely refined. The C-bound H atoms were positioned geometrically (C-H = 0.93-0.98 Å ) and refined using a riding model with U iso (H) = 1.5U eq (Cmethyl) and 1.2U eq (C) for other C-bound H atoms.
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((Cyclohexylamino){(Z)-2-[(E)-5-methoxy-3-nitro-2-oxidobenzylidene-κO]hydrazin-1-ylidene-
Special details
Experimental. The following wavelength and cell were deduced by SADABS from the direction cosines etc. They are given here for emergency use only: CELL 0.71080 6.582 8.984 19.105 82.236 87.079 74.752 Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Pt1 0.43753 (2) 0.56002 (2) 0.24360 (2) 0.02894 (3) S1 0.16102 (9) 0.50827 (6) 
